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® (54) Title: METHOD FOR PREPARING STABLE DISPERSIONS OF METALLIC NANOPARTICLES, STABLE DISPERSIONS 

OBTAINED THEREFROM AND COATING COMPOSITIONS CONTAINING THEM 

o 

O (5*7) Abstract: The method comprises treating the metallic nanoparticles with at least one stabilizing compound having al least one 
functional giDup selected from phosphoric and phosphonic acids and salts thereof, phosphine, phosphine oxide and phosphonium, 
^ whereby the dispersion is stable for at least one week. 
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Method for preparing stable dispersions of metallic 
nanoparticles, stable dispersions obtained therefrom 
and coating compositions containing them. 

5 Field of the invention 

Tiiis invention relates to a metliod for obtaining stabilized liquid 
dispersions of nanoparticles from nanoparticles powders or non - stabilized 
liquid dispersions thereof and coating compositions comprising such 
stabilized nanoparticles dispersions. 

10 

Backcround of the invention 

The dispersion in a liquid of nanoparticles obtained in a powder form 
is a technical problem difficult to solve as aggregation will occur in the solid 
phase and it Is difficult to break those after their formation. Moreover, when 

15 the nanoparticles are dispersed, another issue is then to keep them 
dispersed over a long period of time (at least one week, and preferably at 
least one month). The introduction of this dispersion Into a coating 
formulation or a mixture' of organic compound can be another problem. The 
change of media can result Into a destabilization of the dispersion and an 

20 aggregation of the nanoparticles. Recent examples, in the literature have 
dealt with this subject, for examples US 5,993,967, US 6,033,781, 
WO 97/38041 (Brotzman), US 6,1 83,658 (Schmidt). 

In the Brotzman patents, the nanoparticles are dispersed first in a 
solvent with a high shear mixer, then a star-graft silicone polymer is added. 

25 This polymer will coat the surface of the nanoparticles to prevent any 
agglomeration to occur. In their process, 7.3 weight % of polymer relative to 
the weight of nanopowder Is added. This reaction is done in a fairly 
dispersed media with 17.9 w% of solid compared to the total weight of the 
solution. This low concentration will help avoid any aggregation to occur 

30 during the coating process. 

In Schmidt's patent, the nanoparticles are coated with silicone 
coupling agent such as amlnopropyitrimethoxysilane. In this process, the 
aggregation of the iron oxide during the coating process is prevented by the 
large excess of coupling agent added: in the order of 80 weight % / FeaOa. 



CONFIRMATION COPY 
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Because of this, a purification step Is then necessary to get rid off the 
excess. 

In both cases, as it is well known from the art, the functionality of the 
molecules used can be varied in order to allow the dispersion of the 
5 nanoparticles in different media. 

However, the two different approaches are rather complex. For the 
Brotzman process, the preparation of a polymer is needed and the 
dispersion is diluted what can require a step of evaporation later on. In the 
second approach (Schmidt), a large excess of coupling agent is needed, 
10 what requires an uneasy and lengthy purification step. 

Recent WO 02/45129 patent application describes the use of 
siloxane-based polymers for encapsulation of nanocrystalline particles. 

The siloxane-based polymer may be obtained from precursors, some 
of them optionally containing phosphine or phosphate groups, and is then 
IS added to the nanocrystalline particles dispersion. 

The thus treated dispersion is then incorporated in a crosslinkable 

resin. 

There is no mention of any stabilizing effect due to the optional 
phosphine or phosphate groups. 
20 US 4,994,429 discloses treating metal oxide/hydroxide particles with 

an organic acid material having a phosphorus containing acid group and an 
additional acid group selected from sulfonic acid group, cart)oxylic acid 
group, phosphonic and phosphinic acid groups. 

After treatment, said additional acid group remains unreacted so that 
25 there is provided an active material comprising metal oxide/hydroxide 
particles having chemically bonded to reactive sites on the surface thereof a 
substantially monomolecular layer of organic acid molecules, each organic 
molecule comprising an unreacted acid group and a phosphorus containing 
acid group chemically bonded to the reactive site on the metal 
30 oxide/hydroxide particles. 

Typical particle sizes are 1 \im or more. 

This document does not suggest treating non-stabilized metallic 
nanoparticles dispersions with a stabilizing compound comprising at least 
one phosphorus containing functional group in . order to obtain metallic 
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nanoparticles dispersions, in particular aqueous dispersions, wliich are 
stable for at least one week. 

The article "Hybrid composite nnaterials containing magnetic non 
oxide nanoparticles" Mat. Res. Soc. Symp. Proc. Vol. 628 ® 2000 - 

5 Materials Research Society discloses treating a stable aqueous sol of 
maghemite (y-FeaOa) particles with a solution of phenylphosphonic acid, 
recovering the treated solid particles and dispersing the particles in an 
. organic solvent, thus forming a stable organosol. It is further indicated that 
the complexation of the maghemite particles of the aqueous sol with the 

10 phenyl phosphonic acid causes the flocculation of the particles with 
deprotonation. It appears that the maghemite sol is prepared from a 
magnetite sol which has been previously obtained by alkalizing aqueous 
Fe II and Fe III ions. 

The nanoparticles solutions are not obtained from a FeaOa powder. 

15 Thus, a first object of the invention is to provide a method for 

preparing a stabilized metallic nanoparticles dispersion from nanoparticles 
powders or from non-stabilized liquid dispersions thereof, in particular an 
aqueous dispersion, which is simple, and in particular which does not need 
the preparation and use of a polymer nor. the use of a large excess of a 

20 coupling agent and of a cumbersome purification step and which results in a 
dispersion which is stable for at least one week, at ambient temperature 
(25''C). 

Another object of the invention is a stabilized metallic nanoparticles 
dispersion, in particular an aqueous dispersion, wherein the metallic 

25 nanoparticles have been treated with an effective amount of at least one 
stabilizing compound having at least one functional group selected from the 
group consisting of phosphoric and phosphonic acid and salts thereof, 
phosphine, phosphine oxide and phosphonium, whereby the dispersion is 
stable for at least one week. 

30 A further object of the Invention is an organic coating composition 

including a stabilized metallic nanpparticles dispersion as defined above, in 
particular for making a transparent coating. 
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Summary of the invention 

These and other objects of the invention are achieved by providing a 
method for preparing a stabilized dispersion of metallic nanoparticles, 
preferably an aqueous dispersion, which comprises treating the 
5 nanoparticles, with an effective amount of at least one stabilizing compound 
having at least one functional group selected from the group consisting of 
phosphoric and phosphonic acid and salts thereof, phosphine, phosphine 
oxide and phosphonium, whereby the dispersion is stable for at least one 
week. 

10 Treatment with the stabilizing compound can be effected by adding 

and mixing the effective amount of stabilizing compound to a non stabilized 
dispersion of the nanoparticles, in a liquid medium, preferably an aqueous 
medium, or by dispersing the nanoparticles, preferably in powder form, in a 
liquid medium, preferably an aqueous medium, containing an effective 

15 amountof the stabilizing compound. 

The present invention also concerns a stabilized dispersion of 
metallic nanoparticles, preferably an aqueous dispersion, wherein the 
nanoparticles are coated with at least one stabilizing compound having at 
least one functional group selected from the group consisting of phosphoric 

20 and phosphonic acid and salts thereof, phosphine. phosphine oxide and 
phosphonium, whereby the dispersion Is stable for at least one week. 

The present invention further concerns a coating composition, in 
particular an abrasion resistant coating for use in the optical field, 
comprising a stabilized dispersion as defined above. 

25 The present invention still concerns a substrate, such as an optical 

lens, having at least one surface coated with a cured coating composition as 
defined above. 

Detailed description of the invention and orefenred embodiments 
30 The metallic nanoparticles of the present invention are metallic 

particles having a diameter less than 1 micrometer, preferably of 5 to 
500 nm, more preferably of 5 to 100 nm and better of 5 to 50 nm. The 
preferred metallic particles are metal oxide particles. 
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Among metal oxides there may be cited Sn02, Fe203, CeOa, ZrOa, 
AI2O3, SbaOa and mixtures thereof. The preferred metal oxides are FeaOa, 
Zr02 and mixtures of Sn02 and SbaOs. 

Preferably, the metal oxides are prepared by oxidation at elevated 
5 temperature. 

The metallic nanoparticles are preferably In the form of a powder. 

Typically, the amount of metallic nanoparticles present in the 
stabilized dispersions of the invention will range firom 5 to 50%, preferably 
from 1 to 40% by weight; 
10 The liquid medium in which the metallic nanoparticles are dispersed 

can be any known liquid or mixtures of liquids typically used for preparing 
metallic particles dispersions. It can be water, an organic solvent or a 
mixture thereof. Preferred organic solvents are alkanols such as methanol, 
ethanol. The preferred liquid medium is an aqueous medium such as water 
15 or a mixture of water and alkanol. 

The stabilizing compounds of the present invention are compounds 
and mixtures of compounds having at least one functional group selected 
from the group consisting of phosphoric and phosphonic acid and salts 
thereof, phosphine, phosphine oxide and phosphonium. 
20 Preferably, the stabilizing compounds of the invention are free of any 

additional acid group such as sulfonic acid groups and carboxylic acid 
groups. 

Among these compounds, there may be cited phosphoric and 
phosphonic acids, salts of phosphoric and phosphonic acids, compounds of 
25 phosphoric and phosphonic acids and salts thereof, phosphine and 
phosphine compounds, phosphine oxide and phosphine oxide compounds, 
and phosphonium compounds. 

As examples of stabilizing compounds usable in the invention, one 

can cites : 

30 1 ,3-bis(diphenylphosphino)propane, 

2-(diphenylphosphino)benzoTcacid, 
2-(diphenylphosphlno)ethyltriethoxysilane, 
4-{diphenylphosphino)benzoTc acid, 
diethylphosphatoethyltriethoxysilane, 
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diphenylphosphate, 

dlphenylphosphine oxide, 

diphenylphosphonic acid, 

metaphosplnoric acid, 
5 sodium polyphosphate, 

tris(2, 4. 64rimethoxyphenyl)phosphine, 

tris(trimethylsylll)phosphate, 

vinylphosphonic acid, 

vlnyltriphenylphosphonium bromide, 
10 trimethyl 2-phosphonoacrylate, 

diethoxyphosphinyl isocyanate, 

triphenylphosphine. 

Preferably, non polymeric stabilizing compounds are used, in 

particular no polysiloxane compound is used as a stabilizing agent. 
15 Prefenred stabilizing compounds are phosphoric acid (H3PO4). 

2-(diphenyIphosphino)benzoic acid, diethylphosphatoethyltriethoxysilane 

and mixtures thereof. 

By an effective amount of stabilizing compound it is meant an amount 

sufficient to obtain stabilization of the dispersion, 
20 Usually, the amount of stabilizing compound present in the dispersion 

will represent 2 to 30%, preferably 3 to 20% and more preferably 5 to 15% 

by weight based on the dry weight of metallic nanoparticles in the 

dispersion. 

As already mentioned, the stabilized dispersion of the invention can 
25 be prepared in two different ways. 

In a first approach, an unstabilized dispersion of metallic 
nanoparticles, obtained by dispersing a nanoparticles powder in a liquid 
medium, is provided and an effective amount of the stabilizing compound is 
added and mixed in the dispersion, whereby a stabilized metallic 
30 nanoparticle dispersion according to the invention is obtained. The 
unstabilized starting dispersion can be a commercial dispersion or can be 
prepared in a classical manner. 
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When using an aqueous liquid medium and a stabilizing compound 
being an alkoxysilane bearing a stabilizing group, it is important that the 
latter compound be added in a monomeric form. 

Even if some polymerization may further occurs in situ, there is a 
5 primary reaction at the surface of the nanoparticles without beginning any 
substantial polycondensation of the alkoxysilanes. 

In a second approach, there is first prepared a liquid composition by 
adding and mixing to a . liquid medium such as water or an organic solvent 
. an appropriate amount of at least one stabilizing compound and thereafter 
10 metallic nanoparticles, preferably in powder form, are added and mixed to 
the liquid composition, whereby there is obtained a stabilized metallic 
nanoparticles dispersion according to the invention. 
The first approach is preferred. 
Preferably, the liquid composition has an acidic pH. 
15 In the method of the invention, the preparation of a polymer is not 

necessary, the media does not need to be too much diluted (30 w % dilution 
has been used) and no excess of coupling agent is necessary (weight % of 
organic products compared to the metal oxide is only from 5 to 15 w %). The 
chemical functionality of the stabilizing compounds used to treat the 
20 nanoparticles can be adjusted in order to be able to use those dispersions in 
different organic media. Furthemnore, the dispersions of treated 
nanoparticles according to the invention are stable overtime (several rnonths 
on a benchtop). In some cases, depending on the future use, it is necessary 
after the coating of the nanoparticles with the stabilizing compound to 
25 remove the larger size particles (superior to 30 nm diameter) by filtration, 
centrifugation, etc. 

The dispersion of the present invention can be used in different 
media and in particular for formulating different organic coating compositions 
typically used for coating optical and/or ophthalmic substrates such as 
30 ophthalmic lenses. 

The prefen^d organic coating compositions are those which contain 
as the main constituents an epoxy alkoxy silane and/or an alkyi alkoxy 
silane in the presence of a catalyst system or an hydrolyzate thereof. 
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Examples of such coating compositions are coating formulations with 
glycidoxypropyltrimethoxysilane, acryloxypropyltrimethoxysilane or 
diethylphosphatoethyltriethoxysilane in presence of a catalyst system, for 
example aluminum acetylacetonate or a combination aluminum 
5 acetylacetonate/cationic catalyst or a mixture itaconic acid/dicyandiamide. 

The haze of transparent pieces coated from the coating fomnulations 
according to the invention is preferably less than 0.5%, and more preferably 
less than 0.2%. 

The transparent pieces are preferably optical lenses. 
10 In the following examples, the stability of the dispersion was 

evaluated by naked eye observation of the dispersion overtime (separation 
or not). The dispersion of the nanoparticles in different organic media was 
evaluated by looking at the stability of the dispersion as explained above 
and by realizing a coating from those dispersions and checking its 
15 transparency and level of haze. 

Examples 1-8 : With Nanoteck Antimonv Tin Oxide® 

In a vial with 3 g of a 30 w % dispersion of uncoated Nanoteck 
. Antimony Tin Oxide (designated by ATO) from Nanophase in water is added 

20 X g of H3PO4 1 N in water, y g of 2-:(diphenylphosphino)benzoic acid and z g 
of diethylphosphatoethyltriethoxysilane. The solution is mixed for 15mn 
either with a bath sonlcator (185 W for 9.51 L). a high shear mixer or a 
magnetic stirrer. The dispersions of ATO are then ready to use. These 
dispersions are stable over several months as check visually, no 

25 separations of phase were observed and with the particle size analyzer 
(CHDF from MATEC), no changes of the particle size distribution were 
observed. 

Such dispersions can be used to formulate coatings by adding 3.2 g 
of hydrolyzed glycidoxypropyltrimethoxysilane (obtained from 2.6 g of 
30 glycidoxypropyltrimethoxysilane and 0,6 g of HOI 0.1 N stirred for at least 
30 mn), then 6.2 g of H2O, a catalyst (0.13 g itaconic acid and 0.04 g 
dicyandiamide) and a surfactant (0.13 g Silwet L7608®). The final 
formulations are mixed for 15 mn. When a transparent, non-hazy plastic 
piece (ORMA® piano lens made from diethyleneglycol diallylcarbonate and 
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having a thickness of 2.5 mm at center) Is spin-coated at 600 rpm for 8 
seconds and then spin off at 1200 rpm (rotations per minute) for 10 seconds 
with such fomiulations, the coatings obtained are transparent and the level 
of haze is measured with a Hazegard (BYK Gardner Haze Gard Plus). 
5 The following experimental conditions and the level of haze obtained 

are as noted in table I : 

Table (I) 



Examples 


x(g) 


y(g) 


z(g) 


Mixing tool (1) 


%of haze(2) 


#1 


0.5 


0 


0 


Bath Sonicator 


0.98% 


#2 


0.15 


0.15 


0 


Bath Sonicator 


0.89% 


#3 


0.15 


0 


0.15 


Bath Sonicator 


0.89% 


#4 


0 


0.15 


0.15 


Bath sonicator 


0.80% 


#5 


0.06 


0.03 


0,05 


Bath Sonicator 


0.57% 


#6 


0.06 


0.03 


0.05 


High Shear Mixer 


0.7% 


#7 


0.06 


0.03 


0.05 


Magnetic stirrer 


0.51% 


#8 


0 


0 


0.15 


Bath sonicator 


0.97% 


Comparative #1 


0 


0 


0. 


Bath sonicator 


0.69% 



10 The coating formulations #1-8 were stable overtime (i.e. several 

months) contrary to coating formulation of comparative #1 where a 
separation of phase was observed after only 24 hours. 

(1 ) Mixing tool for the preparation of coated ATO. 

(2) % Of haze of the coated plastic piece. 

IS 

Examoles 9 and 10 

Stabilized ATO dispersions were prepared as indicated for examples 
1-8 but using the stabilizing compounds and conditions indicated in Tables 
(II) and (III). 

20 Coating formulations of examples 9 and comparative 2 are done by 

adding 3 g of hydrolyzed diethylphosphatoethyltriethoxysilane (obtained 
from 2.4 g of .diethylphosphatoethyltriethoxysilane and 0.6 g of HOI 0.1N 
stirred for at least 30 rtin), then 5.9 g of H2O, 0.1 g of itaconic acid, 0.04 g of 
dicyandiamide and surfactant Silwet L-7608®. The final formulation is mixed 
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for 15 mn. When a transparent, non-hazy plastic piece Is spin-coated (600 
rpm for 8 s, then spin off at 1200 rpm for 10 s) with such formulations, the 
coating obtained is transparent and the level of haze is measured with a 
Hazegard (BYK Gardner Haze Gard Plus). 
5 The level of haze of the coatings of example 9 and comparative 2 are 

reported in table II below : 



Table(ll) 



Examples 


x(g) 


y(g) 


z(g) 


Mixing tool(1 ) 


% of haze(2) 


#9 


0.07 


0 


0.07 


Bath Sonicator 


0.58% 


Comparative #2 


0 


0 


0 


Bath Sonicator 


1.28% 



10 

Coating formulations of example 10 and comparative example 3 are 
obtained by adding 6 g of hydrolyzed 3-acryloxypropyltrimethoxysilane 
(obtained from 3.5 g of 3-acryloxypropyltrimethoxysilane, 0.8 g of HCI 0.1 N 
and 1.7 g of PNP Aerosol). Then 5.9 g of water are added as well as an 

15 adequate catalytic system (0.1 g Irgacure™ 500 and 0.1 g aluminum 
acetylacetonate) and surfactant (Silwet 1-7608®). The final fomiulatlon is 
mixed for 15 nnn. As before, transparent, non-hazy plastic piece of ORMA® 
were spin-coated. 

The following experimental conditions and the level of haze are 

20 reported in table (III) below : 



Table (III) 



Examples 


x(g) 


y(g) 


z(g) 


Mixing tool(1) 


%ofhaze(2) 


#10 


0.07 


0 


0.07 


Bath sonicator 


10.5% 


Comparative #3 


0 


0 


0 


Bath sonicator 


13.1% (White 
solid on the 

lenses) 
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Example 11 and comparative example 4 : With Nanotek Antimony Tin 
Oxide®: Efficiency of the centrifuaation to remove laroer nanoparticles 

The experiments for example 1 1 and comparative example 4 were 
done in a similar way than respectively in example #5 for treated ATO and 

5 as comparative example 1 for the untreated one, except that, after the 
treatment with the stabilizing compound, the dispersion of ATO, in each 
case, was diluted to 5 weight % and centrrfuged in 15 ml tubes at 6000 rpm 
for 20 mn. Then, the dispersion was concentrated to 30 weight % again. 
With such a treatment, the leyel of haze obtained for the same coating 

10 formulation , as described In the previous examples 1 to 8 is reported in 
table IV below: 



Table IV 



Examples 


Treatment of ATO 


% of haze 


#11 


Yes 


0.16% 


Comparative #4 


No 


0.22% 



15 

The. centrifugatidn treatment did not have any adverse effect on the 
stability of the dispersion. If any effects were observed, it was to increase 
the stability overtime. 

20 Example 12 - comparative example 5 : With "Transparent Yellow oxide" 
(Fe90^) 50 nm length and 10 nm width from Johnson Matthev ceramics Inc. 

15 g of iron oxide powder were dispersed in 85 g of methanol with a 
high shear mixer. This solution was then centrifuged at 3000 rpm for 10 mn. 
The surnageant was collected and concentrated to reach 9 weight %. In a 

25 vial, was added 5.9 g of this dispersion and then x g of H3PO4 1 N and y g of 
diethylphosphatoethyltriethoxysilane. The mixture was left for 15 mn in the 
bath sonicator. This dispersion was stable overtime (1 month) as a similar 
dispersion non-treated was not. This dispersion was then used in a coating 
fomnulation as previously described in the examples 1-8, except than in this 

30 case, methanol was added Instead of water. 
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The result obtained were as follows ; 



Examples 


x(g) 


y(g) 


% of haze 


#12 


0.7 


0.4 


0.7% 


Comparative #5 


0 


0 


2.1% 



The formulation #12 was stable overtime and no separation of phase 
5 was observed after 1 week. For the fomiulatlon of the comparative example 
5, separation of phase occurred after 24 hours. 

Example 13 - comparative example 6 : With nano Zirconia (ZrOo) particles 
from Jianqsu Xinxina Chemicals Group Com. 

10 20 g of zirconium oxide powder were dispersed in 200 g of ethanol 

with a high shear mixer. In a vial, was added 5.9 g of this dispersion and 
then x g of H3PO4 IN and y g of diethylphosphatoethyltriethoxysilane. The 
mixture was left for 15 mn in the bath sonicator. This dispersion was stable 
overtime (1 month) as a similar dispersion non-treated was not. This 

15 dispersion was then used in a coating fomiulatlon as previously described in 
the examples 1-8, except than in this case, ho more solvent was added. 
The results obtained were as follow : 



Examples 


x(g) 


y(g) 


% of haze 


#13 


0.6 


0.1 


5.3% 


Comparative #6 


0 


0 


5.6% 



20 In this latter case, the % of haze obtained is similar for the zirconia 

treated or not, but the treated zirconia dispersion (#13) was stable overtime. 
No separation of phase was observed after 1 week. For the formulation 
comparative #6. separation of phase occurred after 24 hours. 
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CLAIMS 

1.A method of preparation of a stabilized dispersion of metallic 
particles having a size of less than one micrometer, comprising treating the 
5 particles with an effective amount of at least one stabilizing compound 
having at least one functional group selected from the group consisting of 
phosphoric and phosphonic acid and salts thereof, phosphine, phosphine 
oxide and phosphonlum, whereby the dispersion is stable for at least one 
weel<. 

10 2. The method of claim 1, wherein the stabilizing dispersion is an 

aqueous dispersion. 

3. The method of claim 1, wherein the metallic particles are metal 
oxide particles. 

4. The method of claim 3, wherein the metal oxide is selected from 
15 SnOa, Fe203, Ce02, ZrOa, AI2O3, SbaOa and mixtures thereof. 

5. The method of claim 1 , wherein the metallic particles have a 
diameter of 5 to 500 nm. 

6. The method of claim 5, wherein the metallic particles have a . 
diameter of 5 to 1 00 nm. - 

20 7. The method of claim 5, wherein the metallic particles have a 

diameter of 5 to 50 nm. 

8. The method of claim 1 , which comprises : 

(a) providing an unstabilized dispersion of metallic particles, obtained 
from nanoparticles in a powder state, in a liquid medium ; 
25 (b) adding and mixing to the unstabilized dispersion the effective 

amount of stabilizing compound ; and 

(c) obtaining a substantially stabilized dispersion. 

9. The method of claim 1 comprising : 

(a) providing metallic particles having a size below one micrometer ; 
30 (b) adding and mixing said metallic particles to a liquid composition 

comprising an effective amount of at least one stabilizing 

compound ; and 
(c) obtaining a substantially stabilized dispersion. 
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10. The method of claim 9, wherein the liquid composition has an 
acidic pH. 

11. The method of claim 9, wherein the stabilized dispersion or 
portion thereof is centrifuged. 

5 12. The method of claim 8 or 9, wherein the stabilized dispersion or a 

portion thereof is diluted before it is centrifuged. 

13. The method of claim 8 or 9, wherein the metallic particles are 
provided in a powder state. 

14. The method of claim 9, wherein the metallic particles are provided 
10 in an organic or aqueous solvent. 

15. The method of claim 9, wherein the metallic particles are metal 
oxide particles. 

16. The method of claim 15, wherein the metal oxide is selected from 
the group consisting of tin oxide, antimony oxide, iron oxide, cerium oxide, 

15 zirconium oxide, aluminum oxide or mixtures thereof. 

17. The method of claim 16, wherein the metal oxide is a mixture of 
antimony oxide and tin oxide. 

18. A stabilized dispersion comprising metallic particles having a 
diameter less than 1 [xm dispersed in a liquid medium, wherein said metallic 

20 particles are coated with at least one stabilizing compound having at least 
one functional group selected from the group consisting of phosphoric and 
phosphonic acids and salts thereof, phosphine, phosphine oxide and 
phosphonium, whereby the dispersion is stable for at least one week. 

19. The stabilized dispersion of claim 18 which is an aqueous 
25 dispersion. 

20. An organic coating composition comprising a stabilized dispersion 
as in claim 18. 

21. A transparent substrate coated with a cured layer of a coating 
composition as in claim 1 8. 

30 22. The coated substrate of claim 21 having a haze of less than 

0.5%. 

23. The coated substrate of claim 21 having a haze of less than 

0.2%. 
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